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Summary 
The beta silicon carbide whiskers, as prepared by the 

"Los Alamos Process," have been found to have conductivities 
as high as 300 (~cm) -I. Random, uniform incorporation of 
these whiskers in two high temperature polymers (polybenzimi- 
dazole and polypyrrone) in I0 and 20 wt% concentrations gen- 
erated film~ with ~onductivities as high as 1 X 10--(~cm)-- 
and 1 X I0- (~cm)- respectively. Thel~olymersl~ithoutlthe 
whiskers had conductivities in the I0- - to I0- (~cm)- 
range. 

Introduction 
Whiskers are a generic class of single crystal fibers 

(5-20pm diameter) having mechanical strengths approaching 
inter-atomic bonding forces. For example, beta-silicon 
carbide, B-SiC, whiskers, Fig. I have a tensile strength 
greater than 35 GPa and Young's modulus greater than 620 GPa. 
Compared to polycrystalline fibers, whiskers show improved 
resistance to high temperature corrosive environments and 
display greater work-to-fracture. While whiskers, particu- 
larly B-SiC, have been studied ~5the reinforcement of ceram- 
ics, glass, metals, and alloys, they appear not to have 
been studied in polymers. However, some work involving th~ 
thermoset resin reinforcement is beginning to be reported. 
Our initial experiment involved the use of a polymer 
(Parylene) as a binder (a few perce~t by weight) in the 
fabrication of B-SiC whisker felts. More recently we have 
been studying B-SiC/high temperature polymer coatings for 
their electrical, mechanical, high temperature acid corrosion 
resistance and laser resistance characteristics. The much 
greater radiation hardness of B-SiC over that of silicon 
makes it a material of choice in space applications. 

In this paper we describe our initial work on the 
electrical properties of SiC whiskers and their high tempera- 
ture polymer composites. In subsequent communications, we 
will describe the other properties evaluated. 
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Figure I. Beta-silicon carbide whisker 

Experimental 

Silicon Carbide Whiskers. The whiskers used in our work 

were p~epared by Milewski, et. al, by the "Los Alamos Pro- 

cess."- The composition of the whiskers (including some 
catalyst residues) was determined by two techniques: 

i) neutron activation, and 2) emission spectroscopy. The 

silicon and carbon analyzed as a i:I ratio. The analytical 

results of the minor elements, determined by two techniques, 

are summarized in Table I. The precision of the results is 
20-21% of the reported values. 

Preparation of Films. Poly(2,2'-m-phenylene-5,5'-biben- 

zimidazole (PBI, Celanese) films were prepared by adding SiC 

whiskers (10% by weight) to a 25% (by weight) PBI/dimethyl 
acetamide/2% LiCI solution. The whiskers were dispersed by 

means of a 3-blade mechanical stirrer. The mixture was 

poured onto a 4 in. X 4 in. glass plate and then spread by 
means of another glass plate. The coated glass plates were 

kept in an evacuated (aspirator) dessicator and then a vacuum 
oven. To remove the films from the glass plates, the plates 

were immersed in a water bath and the removed films were then 
dried in a vacuum oven at I00~ hrs. The polypyrrole 
(made from 3,3'-diaminobenzidine and pyromellitic dianhy- 

dride) films were loaded with 20 wt.% of 8-SIC whiskers and 
9 

were prepared as described elsewhere. 

Conductivity Measurement Techniques. I. Whiskers. Two 
different 4-probe conductivity measurement techniques were 

used on the whiskers and the results obtained were essential- 
ly the same for both techniques. Here we describe only one 
of the techniques. The sample-electrode arrangement is 

illustrated in Fig. 2. The whiskers were attached to the 
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TABLE 1 

Composition of SiC Whiskers* 

Neutron Emission 
Element Activation Spectroscopy 

Nickel 2.8% (by weight) 
Cobalt 2.1 

Aluminum 0.080% 

Chromium 0.069% 

Copper 0.040% 
Manganese 0.016% 

Iron 0.015% 
Tungsten 0.013% 

Magnesium 0.012% 

Titanium 30 ppm 
Sodium 4 ppm 

Gold 0.8 ppm 

* Includes the catalyst ball. 

copper electrodes by means of Ag loaded epoxy (TRA-DUCT, 

BA 2902) . The surface of the whiskers was cleaned by two 

techniques before taking measurements: I) low pressure 02 

plasma (100m~orr O_ at 3W for I0 mins.) , and 2) ion sputter 
_ z 

cleaning (At , I0 mins.) . The conductivity results were 

essentially the same after both cleaning techniques. 

Whisker 
Electrical 
C~176 ~ ,=L / ~ - ' m  C~ Ep~ == .= 

oct,  

TEFLON BASE 

Figure 2. Sample-electrode arrangement. 

2. Whisker Loaded Films. The whisker loaded films were 

evaluated according to the ASTM B193-78 method. The conduc- 

tivity measurements were done in an argon atmosphere as well 

as in ambient atmosphere at room temperature with no differ- 
ences in the conductivity values obtained. All the measure- 
ments were made in a Faraday cage. 

Results and Discussion 

Conductivity of SiC Whiskers. Pure silicon carbide with 
a band gap of about 3eV has been known as a semiconductor 

material for a long time. It was the fir~ material in which 

electroluminescence was observed in 1907. -v It has been also 
evaluated for its photoelectric effects, photoluminescence, 

electr~u~nescence, and heterojunction device applica- 

tions. Apparently, to the best of our knowledge, 8-SIC 
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whiskers with metallic conductivity have not been described 
before. Conducting B-SiC platelets (crystals) ~ve been 
mentioned in a report by W. R. Harding, et. al. 

The particular whiskers that we have been evaluating in 
high temperature polymer compositeslapplications possess 
conductivities as high as 300(~cm)- . In Table 2, we list 
representative conductivity data on whiskers of four differ- 
ent dimensions. 

TABLE 2 
Volume Conductivity of B-SiC Whiskers 

Diameter, ~m -I 
Sample Length, mm (approximate) Conductivity, (~cm) 

1 2.9 11.6 40 
2 3.7 12.5 300 
3 4.3 16.1 184 
4 21.1 6.2 58 

Because of the surprisingly high conductivity properties 
of the whiskers, we are evaluating their conductivity in 
greater detail as a function of current load, voltage, and 
temperature. These results will be reported in a future 
contribution. 

Conductivity of B-SiC/High Temperature Polymer 
Composites. Good composite fabrication techniques require 
the uniform distribution of whiskers, either in a random 
manner or in the orientation required for the specific 
application. The most important consideration is that the 
whiskers be individualized and bonded by the surrounding 
matrix material. Our initial evaluation of whisker/high 
temperature polymer composite films involved a high tempera- 
ture-high acid concentration corrosive environment applica- 
tion and the whisker distribution intended was random. The 
conductivity data was, therefore, obtained on films 170-700~m 
thick with the B-SiC whiskers in a random orientation. In 
Table 3 are reported, representative conductivity data of 
films of four different thicknesses. 

As the data show, significant increase in the conductiv- 
ity of the high temperature polymer films was achieved by the 
addition of the B-SiC whiskers. These initial experiments 
were not optimized for maximum conductivity achievable in 
these compositions. Future work will address optimization of 
whisker addition to ensure maximum whisker to whisker contact 
through optimum packing techniques and unidirectional orien- 
tation as has been described in the literature. 
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TABLE 3 

Conductivity of B-SiC/High Temperature 
Polymer Composite Films 

Whisker Film Conductivity, 
Sample Loading, wt.% Thickness, ~m (~cm)-- 

PBI 

Pyrrone 

-17 
0 150 %10 

-i0 
I0 170 %10_9 
I0 250 1 X i0 

-17 
0 250 ~i0 

20 300 5 X 10 -6 
-5 

20 700 1 X i0 
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